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To account f o r  the  dissociation of diatomic molecules under the 

variable temperature conditions typ ica l  of aerodynamic problems, 

the  vibrational relaxation occurring i n  t h i s  case i s  approxi- 

mately analyzed fromthe energy point of v i e w  a t  low tempera- 

t u r e s ,  when the departure from vibrational e q u i l i b r i u m  i s  only 

s l igh t ,  and a t  high temperatures, when t h i s  departure becomes 

significant.  

1) the  vibrational relaxation t&e shrinks t o  zero a t  l o w  

The e f fec t  of vibrational relaxation vanishes when 

temperatures (equilibrium of vibrational degrees of freedom) ; 

si tuated i n  a heat bath a t  constant temperature T. For a number of applications, 

I - __--. . _ _  - . I. - 

2) the  temperature becomes ve& high. 

The r a t e  of dissociation i s  usually calculated by analyzing a molecule /3,* 

however ( f o r  example, i n  high-velocity 

a ture  does not remain constant becomes 

t u r e  can cause equilibrium t o  be upset 

freedom of the  dissociating molecule. 

of the  in te rna l  degrees of freedom and 
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aerodynamics), the case when the temper- 

important. Rapid variations i n  tempera- 

with regard t o  the in te rna l  degrees of 

This leads t o  the question of  rklaxation 

i t s  e f fec t  on the  r a t e  of molecular 

1 

.h 
7 Aerodynamics i s  concerned mostlywith diatomic molecules, hence we will 

. r e s t r i c t  our discussion t o  t h i s  case. It i s  of  pract ical  importance t o  conside 
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the-relaxat ion of vibrations; the rotational relaxation time of almost a l l  

molecules i s  so small t ha t  the rotation may be regarded as i n  equilibrium i n  

the  problems of i n t e re s t  i n  the theory of continuous media. 

Some estimates are given below for the influence of vibrational relaxation 

on the r a t e  of dissociation. 
1 "  t 

j ;  I 1. L e t  u s  consider f i r s t  the case,when the deviations of the  vibrations 
I 

from e q u i l i b r i u m  are  insignificant.  

not very high, so t h a t  the t o t a l  internal  energy of the molecule i s  considerably 

l e s s  than the dissociation energy D. 

of the  vibrational equilibrium due t o  the increased dissociation r a t e  (ref. 1). 

This case occurs when the temperature T i s  

Otherwise there occur sizable violations 

- ,  According t o  some estimates (e.g., ref . 2) , one would expect ( i n  the  case 

of ident ica l  molecules) the exchange o f  Tibrational energy t o  proceed much more - I  

rapidly than the transformation of t ranslat ional  and rotat ional  kinet ic  energy 

in to  vibrat ional  energy. 
I-- - - ._ - _I_^_ - - I - _  _ _  _ _  _- 

This means thbt  the vibrat ional  d i s t r ibu t ion  function 

a d  w i l l  have a Boltzmann configuration with temperature T 1 (t) di f fe r ing  f r amthe  

t rans la t iona l  temperature T. 

proceeds independently and tha t  the main contribution t o  dissociation comes 

from m levels  si tuated suf f ic ien t ly  near the dissociation l i m i t ,  such t h a t  the  

' t rans i t ions  fromthese levels t o  a continuous spectrum may be assumed approxi- 

'' mately equally probable, we f ind 

Assuming t h a t  the dissociation from each leve l  

- 1  
I '  (1) ' 

nuniber of mlecular  levels. Equation (1) was derived on the assumption t h a t  
r -  

:$ only the  re la t ive  motion of the mlecules along the centerline contributes t o  
i ;  
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dissociation. Inclusion of the other degrees of freedom can be accomplished 

quite e a s i l y  within the framework of s t a t i s t i c a l  theory (ref 3) 
Assuming t ha t  the difference between T and T 1 i s  small and introducing the  

1 

, we obtain T - T' notation A =I 

1 

N-I xEg-kfW i 

where '(n=- land Fm i s  the arithmetic mean of the vibrat ional  
f(T) . i 

energy i n  the in te rva l  (N - m, N). 

On the  other hand, f romthe  vibrational relaxation equation 

( T ~  i s  the vibrational relaxation time) we obtain, f o r  small deviations from 

'equilibriuii ,-  A = T /+ ,- where 7 = - T M - l  i-s the  characterfslzlc f l u c t u a - t i o r - - ~  

I 

k O  0 

t i m e  of the  t ranslat ional  temperature. Consequently, 

-- kl ,l--cX, .I 
k % 

,where the temperature function C > O  can be determined 

cular model i s  decided. Clearly, the e f f ec t  vanishes 

2. Let u s  estimate the  maximum ef fec t  t h a t  will 

once the specific mole- 

when T /7 - 0 (T - T). 
r e s u l t  from vibrat ional  

1 
k O  

nonequilibrium. W e  w i l l  suppose tha t  the  dis t r ibut ion function i s  /. 
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0 i # O  
f i  ={ 1 i - 0 .  (5) 

From t h i s ,  simple computations yield 

i. . 
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The right-hand side of (6) i s  less than one for a l l  f ini te  temperatures 

and tends t o  unity as  T - CD. 
Consequently, the e f fec t  vanishes in t he  l imiting case of very high 

temperatures . 
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